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Abstract: Much research has examined the use of awareness tools for enhancing coordination. However, the
proposed tools tend to either make people aware of one information source in great detail or a variety of sources
with very little detail. We refer to this problem as the detail-variety trade-off. Another problem with awareness
tools is that they are not interchangeable. Specifically, users of these tools have only limited ability to route
awareness information to different types of awareness tools that might better suit their work styles. We believe
these two problems are primarily software engineering problems to which we present a solution called CASS
(Cross Application Subscription Services), for obtaining awareness information from diverse sources and routing

it to a variety of awareness tools.
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1 Introduction

Awareness is awell recognized technique for
enhancing coordinatioamong peopleand between
people and softwarédDpurish, 1992, Gutwin, 1998).
Our primary focus is on creatirgvareness irorder
to enhancehe efficiency with which peoplework
together. However, techniques presentethia paper
are fully applicable to communicatingawareness
information between softwarand people, providing
a new and highly flexible technique by which
background processes, including agents,

providing awareness, it iprimarily of interest to
HCl researchers andpractitioners for whom
awareness is frequentlykay technique. Awareness
is used toenhanceusability by providing userwith
feedbackabout the state of a systef@aver,1991),
and peripheral information related to a task
(Williamson and Shneiderman, 1992) (Sibert and
Jacob, 2000). Thipaperaddressesvo key flaws in
standardawarenesgools; the detail-variety trade-off
and the lack of interchangeability obwareness
styles.

can
communicate with users. While the primary focus of
this paper is a software engineering framework for

Detail-Variety Trade-off
A key problem with current work imwareness$ools
is what werefer to asthe detail-variety trade-off. An
awarenesgool must have an informationsource
from which it obtainsawarenesinformation. Some
awareness tools access very feformation sources,
but provide users with detailed descriptions or
illustrations of recentevents from those sources.
This creates atrongawareness odctivity but only
within these few monitored entities. Most work
dependsupon manysources ofnformation,and has
more interdependenciethan can be represented by
any one information source.

Other awareness tools attempt to obtain
information fromarbitraryinformation sourcege.g.
they can monitor any type afocument regardless of
format). Such tools are possible because tireynot
required tounderstandhe internal working ofevery
information source, butcan instead provide
generalizations. For example, by monitorindila
system, onecan becomeawarethat documents are
being changed, regardless tife document’s format.
However, while suchawarenesgools can provide
information from a variety of sources, thegnnot
provide detail becausthey do notunderstand the
internal changes made to the document.



Interchangeable Awareness Styles
Another problem with awarenesshased orthe fact
that there is no optimal awarenessstyle. An
Awareness styles the manner in which notifications
aresentand represented tihe user of arawareness
tool (e.g. sent to a desktop, wirelesivice,
telephonerepresented aext, sound or a variety of
visualizations),andthe manner in which the user i
made aware of the arrival of a new notification.

For example, if one author is changing
document (e.g., a user’s guide), a coauthor and an
user of thedocumentare likely to benefit from
different awarenesstyles. Specifically, acoauthor
may want to beaware that changesare currently
being made,and later that thedocumenthas been

Groups Indirectly Affecting Person

checkedbackinto a version control system. On th Figure 1: An awareness network. The strength of the

other hand, end users of tdecumentmay notwant

to know until later in theday or week. They may
prefer to receivethe awarenessinformation as a
digest of allchanges inthe last timeperiod, rather

than being notified each time a change is made.

In other words, peoplaeed to beable tochoose
from a variety of awareness tools so that thay be
made aware ofnformation in a mannethat best
suits theirneeds andavorking styles. For this to be
possible, awareness tools mustitierchangeable; a
person should be able tdownload an arbitrary
awarenesstool that supports arawarenessstyle
appropriate tahat person’s work practiceand use
that tool instead of or in addition t@ny previous
awareness tools.

Ubiquitous Awareness Infrastructures
To resolve these problems weave developed a
software strategy weall CASS (CrossApplication
Subscription Service). Weonsider any type of
software to be annformation sourceWhether the
software is a user interface, a web servetpeument
or even gprint driver, thereare people who may be
affected bychanges tahe state of the software, and
who could performtheir work more efficiently if
they were aware of these changes. aé® provide a
notification server optimized fothe distribution of
awarenesinformation. Thisserver enablesisers to
subscribe to types of information that thbglieve
will affect them, and to specify to which types of
awarenesstools the information should beent
(enabling users to customize the awareness style).
Aspects of our goahre illustrated in Figures 1
and 2. In Figure leachperson is thecenter of their
own awareness network. They “tuntiie strength of
their awareness ofvarious sources of information
based on the extent to which they believe themselves

awareness link is proportional to the entity’s likelihood of
affecting the person.
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Figure 2: Strength of awareness is affected by style

of awareness tool. Our goal is to enable any type of

awareness tool to have some ability to represent any

type of information source.
to be affected by the sources. Figure 2 illustrates two
points. 1) as stated earlier, awareness tools need to be
interchangeableany good awarenes®ol musthave
some ability to represent awareness informatiom
many sources. 2) users can tune the strength of their
awareness through their selectionagfarenessools.
Awareness tools differ in the degree to which they are
intrusive, and the choice of awarenes®ol directly
affects the degree to which users will dgare of the
tool's information.

The remainder ofthis paperpresentsbackground
information, a scenarioillustrating our goals, a
detailed look at our approach, a demonstration of the
feasibility of our approach through an
implementation of the key aspects of tiBASS
strategy, and ends with a discussion of issues.



2 Background

Notification Server Architectures
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On a technical level, our goal is tink arbitrary
numbersand types of information sources, witt
arbitrary numbersand types of awarenesstools,

3a: Portholes has been instructed how to represent printer and
document events by either users, developers or support staff.

where both sourcesand tools are distributed across
the Internet. Notificatiorservers Fitzpatrick, 1999,
Ramduny etl., 1998,Carzaniga etl., 2000)are a
common approach to providing such servicdgese
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technologies have focusegbon enablingsoftware to
executeandinteroperate ovethe Internet. Our goal;

3b:Generic icons can still be used to monitor arbitrary information
sources when lacking instructions on how to represent events

however, is to support humawareness rathéhan Figure 3: A CASS Portholes window monitoring a variety of sources

interoperation,and as such, therequirements for
notification servers must change.

In the scenario of interoperationsoftware
component Xsendsout an event thatsoftware
component Y hassubscribedto. Y subscribes to
these events so that it can react quickly toathival
of the event. If Y is noturrently executing, then it
will have noneed toreact to X.Humans, on the
other hand,are not always on-line,and neither is
their software. Relativelyfew notification services
support a “polling” approach tonotifications by
which clientscan requesthe events thabccurred
over the last time period. This is an essential
capability when the goal is to support human
awareness.

Furthermore, weare looking at asynchronous
awarenesswhich hasdifferent speed requirements
from  synchronous awareness.  Synchronous
awarenessools such asharedwhite-boards (Streitz
et al.,, 1994)enable usersvho are working on the
same document to kmware ofone another’s actions
as they happen. Howeveanost human work is not
synchronous in the sense thacoworkers
simultaneously working on different aspects of a task
do notneed to benotified of eachpen stroke, key
stroke, or decision the moment it happens.

Awareness Tools
Researchers havprovided a variety of tools for
creating asynchronous awareness. Qoal here is
not to replacethem with bettertools, butrather to
begin toaddresghe issue of providing a consistent
way to supply thes¢ools with their information.
This will enable the tools to integrate more types of
information, and to beeasily replaced aduture HCI
research discovers better awareness techniques.
There are a variety of awareness styles
demonstrated as effectiweithin the HCI literature.
Knowledge Depot (Kantor et al., 1999), for example,
monitors work-relatedemail and bboarddiscussions,

and enabledusers to maintairawareness of events
and decisions madeithin these forums by emailing
customized summaries of these discussions to
interestedparties. PortholesDpurish, 1992) is an
awarenesstool which distributes photographs of
offices once everyfive minutes to users. This
enables users to lavare ofwhether coworkers are
available by seeing whether they are on the phone, in
a meeting, eating lunch in their office, out of the
office, etc. Tickertape Fitzpatrick, 1999),
accomplishes a goal similar to that GASS; it
integrates detailed information from arbitrary
information sources via the Elvin notificatiaerver
andscrolls themacross thetop of auser’s screen.
Despite many similaritiebetweenour approach and
Elvin/Tickertape, Elvin is optimized for
interoperation rather than human awareness.

3 Scenario

As a final step in motivating this work, we present a
scenarioillustrating different aspects of ourgoal.
Consider a technical writemaintaining userdoc-
umentation of a software component. THcument

is used by the customers who buy the component.

The technical writer uses thawarenesstool

sketched inFigure 3. Figure 3aepresents a version
of Portholes designed to be able to interpréitrary
information sources. The firdghreeimages in the
figure show the offices of coworkersthat the
technical writer works closelywith. The fourth
image shows an icon indicating thatneonitored
documenthas beercheckedout by Writer 1. The
fifth image shows the status of the printemich
currently indicateghat there is no paper. The icons
displayedfor the documentand printer indicate an
understanding of the information sources being mon-
itored, but infact a generiécon could also beused.
Figure 3b shows the Portholes system islightly



altered scenario wherethe system has nobeen
instructed (by users, developers or suptaff) how
to representhe user documentation beirgpecked
out or the printer being out of paper.checked out
document is insteadepresented by aactive light
bulb, andthe inactive printer igepresented by an
inactive light bulb. This isxplained inmore detail
in our implementation section.

It is important to note that the useould have
subscribed tathe sameexact information using a
CASS Tickertapetool. Using the version of the
Portholes imaggrabberdeveloped aNYNEX (Lee
et al., 1997), an image can lepresented as single
number representing th@mount ofchange to take
place within the office. This numbeindicates the
presence or absence gfeople and activity. A
tickertape might say:

Writer 1: no change. Writer 2: some activity...
Writer 3: some activity... Document 1:Writer 1...
Printer 1:No paper..

Otherawarenessools would have access to the
same information aJickertapeand Portholes, but
each wouldhave to represent it ifts own style.
Naturally some tools will béetter at representing
certaintypes of information, as aawarenesgool
that presents images can communicate far rdetail
from Portholes images than a textual audio
awarenesgool, but it should be the user'shoice
whether that is detail that they need.

In this scenario, different awareness tomisused
to maintainawareness obther information sources.
Email is used to notify the technical writer of
changes tomeetingswhere he/she is a participant,
and the Tickertape is used talisplay changes to
meetings that involve the technical writer’s boss (but
not the writer). Knowledge Depot sends email
summarizing discussionand decisions concerning
changes tgolicies and other topics thatan affect
the writer.

Finally, the technical writeneeds to be aware of
changes made to functions of the software
component that must bdocumented inthe user
guide. To dahis, adeveloperwithin the company
was able to easily put together a simplgareness
tool (easy to implemerttecause it usethe services
provided byCASS) whichdisplayed a to-ddist of
both therelevantfunctions thathave changed, and
the names of theleveloperwho madethe changes.
Using this to-do list, the writer knows who to
contact for information on whahust bechanged in
the documentationand can checkoff items as the
work progresses.
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4 The CASS Strategy

The CASS strategy is a general specificationvbét
must bedone to achievéhe goalsdiscussedabove.
Our implementation of this strategy using
CASSIUS (CASS Information Update Server)
demonstrates a reasonable approacimmlementing
the CASS strategy.

Information from anysourcehas the potential to
affectthe work of one or more people. Vielieve
what is needed is aninformation environment
consisting of workers’ existing tools but where
workers can subscribe to receive the information that
they havedeterminedcan affecttheir work. Such an
environment wouldneed to provide the following
services (numbers correspond to items in Figure 4):

1. Provide usersvith a mechanism tdocate
information sources affecting their work.

2. Isolate relevansubsets of informatiorfirom
that source.

3. Monitor sources and subsets for changes.

4. Allow people to subscribe to summaries of
changes to the source or subset.

5. Send notifications of changesboth to a
notification serverand if neededdirectly to
the workers via email.

6. Represent notifications (or summaries of sets
of notifications) within awareness tools.

To implement the strategy; Bevelopersmust
build tools capable ofmonitoring state information
and sending notifications of changes, 2work
environments mustprovide notification servers
capable ofinforming awarenesgools of both the
types of events to which thesansubscribeand of
new notifications that match the users
subscriptions,and 3) people must have awareness
tools through which theyan receiveinformation
from the notification server. Elementsafd 3 have
alreadybeen mentioned, so our presentation of the
CASS Strategy will focus on element 1.
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Figure 4: CASS Notification Server API




The Task of the Developer

Developersvho want their tools to bable to send
awarenesinformation to people throughout veork
environment mustadd three capabilities to their
tools: Identify monitorable information, implement
monitors, and add functionality for sending
notifications.
1. Identify information that needs monitoring
Software developers will need to identify the
information that can change within their systems and
which may be of interest to users, theoworkers,
and other involved parties. Objects worth monitoring
may include sections of documents, parts of
graphical objects, percentages oftests passed,
numbers of hits on web server, etc. Morgeneral
packagege.g. anoffice suite) mayneed to provide
users with the ability talefinefor themselvesvhat
objectsare monitorable. Thus, asermight beable
to highlight a sentence of documentandhave it be
defined as amonitored object to which they are
subscribed.

Identifying data tomonitor is needechot just so
that the tool can monitor the data, but also to inform

combines many notificationand sendsthem to the
awarenessools that theuser hasselected. There are
three key benefits to thisapproach: 1) people can
select the desired types of awareness tools, specifying
which information should go to pagers, email,
portholes, etc., 2) theerver can be used to browse
through lists of informatiorsources to which they
can subscribe, 3) users do nated to beable to
access the information source directly.

The application-orientedapproach does not
assume the@resence of anotification serverwithin
an environmentandensureghat the lack of such a
server will not prevent users from becoming aware of
information. Users whadhave direct access to an
information source (e.g., the authors ofiGcument)
should be able to subscribe to notifications of
changes directly within the application. The
application sends notificatiordirectly to the user as
email messages.

The benefits of th@pplication-orientedapproach
are 1) it doesot dependupon a notificationserver
being available — the email server is the notification
server, 2) usersanview the objects whiledeciding

users of the objects and properties to which they cant0 What they should subscribe — the notification
subscribe. The notification server stores these objectsServer caronly describethe objects. 3) security is

in hierarchieswhich simplify the user's task of
finding and subscribing to subsets of information
sources.
2. Build monitors into software
There are avariety of approaches formonitoring
changesandagain, the selection mustependupon
the specificneeds ofthe users. For instance, in the
case of atool for writing a user guidedevelopers
may determinethat the key objects to monitor are
the sectionandsubsections of the documermoes
the tool detect whenever a person is working on that
sectionand sendut anevent? Does iwait for the
user to saveandthengenerate amventbased on a
comparison betweerthe current version and the
previous version? Ogoes itassume that many of
the save operations will be to make sure work is not
lost in case of acrash, rather than because the
changes are finished? this case, monitoringnight
instead happen whehe author closes thgocument
or issues a publishommand afteall changes for a
version have been completed.
3. Provide functionality to send notifications
Finally, notifications of changes must be sent to the
users. TheCASS strategy recommendsusing two
approaches tdhis: notification server oriented and
application oriented.

The notification server approach has all
notifications sent to a notification servewhich

improved — many peoplecan access aerver, but
only a selectfew can accesghe version of a
document that authors are writing.

The CASS strategyrecommendsgproviding both
approachesand letting usersdecide how to use it
based ontheir work environmen{except fortools
that do not support usénterfaces, such agevice
drivers).

5 Implementing CASS Strategy

Our strategy requires three types of software:
notification server, information sources, and
awarenesstools. We have implemented asmall
sample of each of these software types to validate our
approach and demonstrate its feasibility.

Notification Server

We have implemented aet of servicesthat we
believe bestaddressesthe goals of theCASS
strategy. Our CASS Information Update Server
(CASSIUS) provides the services shown in the
center box of Figure 4. Figure 5 shows the
important elements of a notification sent from an
information source to CASSIUS. To provide a
polling approach to access, as well as scalability, and
ease of accesfrom a wide variety of types of
software, all of theservices described here are



accessedisi ng HTTP (HyperteXt TranSferPrOtOCOl) . Summary One line textual summary of the change
The following sectionsdescribekey services of the GenericEvent An event name chosen from a list of generic event names

understood by all CASS applications and awareness tools

CASSIUS notification server. Event Information sources define object types and list possible
. events for each type. This field is an event name from the
Source List appropriate event list.

i i i < Value Optional numerical value to represent the change
Information sou I'CGS. mUSt reQISter' Supplylng names Data Optional link or a MIME attached document describing the
passwordsnd descriptions (#1 of Figurd). Users details of the change.

H Person/Place Optional person or place associated with event.
can §C§n th roug h lists of account names and ObjectID Identifies the object or property that has changed
descriptionslooking for relevant sources to which AccountPath  Identifies the information source
they can subscribe. Our implementation algwo- Figure 5: Major elements of a CASSIUS notification

vides mechanisms for categorizing information 5 arenessThe most commontfield for creating

source types (e.g., design documentstesting  gyareness ishe one-line summarysed in email
programs, research papers, documents from a Spec'f'csubject linesfickertapesummariesand other types

author). This categorization results in the use of ¢ “taviual and verbal awarenesstools. Such
“AccountPath” in Figure 5 to identify sourcesing summariesare generally linked to the contents or
aname and type pair. URL of the “Data” field of Figure 5. The‘Data”

Furthermore, as our view is that abftware field is also usedfor binary data used imon-textual
should monitorits state and sendout awareness awareness tools.

information, the act of registeringnd unregistering The person/placefield enables subscribers and
new information sources caus€é&SSIUS tosend a awarenesgools to focus on eventgenerated by

notificat'ion .to itself. This allows peoplg tw.b'scribe people or places they want to beareof. A CASS
and maintain an awareness of the availability of new pgiholes tool, should it lack a snapshot ofodfice,

information sourcesand to even specifythat they could easily replace the photo of the office wather
only want to be aware of new information sources of ;tormation that comes from the sameffice,
a particular type. enabling alternate ways of representing activity

Object L.ists S ) within the location.
Information sourcesend(and maintain) hierarchical

lists of objects to the notificatiorserver (using Information Sources

service #2 of Figure 4). Users navigate those The second phase of implementing theCASS
hierarchies, finding the information to which they strategy was to implementand instrument
want to subscribe. CASSIU®nables information information sources (#3 of Figurd). Our first
sources tooptionally associate type-namewith application was a simplevord processor. Users
objects,and to definewhat kinds of events those select sections within theocumentand subscribe to
typescan receiveThis enables userand awareness  be emailed notifications of changes to those sections.
tools to focus orspecific types of events taffect The editor also sendsall notifications to CASSIUS
the object of interest. However, use of tfeature is and maintains the objebierarchywithin CASSIUS
optional, as there is alsogenericset of event types as users create, delete, and move sections.

that must baused in addition tcany customevent We alsoadded acomponent toKnowledge Depot
types. Generic event typesablenotifications to be (Kantor etal., 1999)for monitoring activity within
interpreted by many awareness tools (see Figure 3b). the serverand sending eventsvheneverthe server
Subscriptions goes on or off-line. Notificationarealso sentwhen

A service for listing subscriptionsenables the new messageare posted, enabling people to use a
awarenesstool to see what it has previously variety of awarenesstools to monitor group

subscribedo, and allows information sourcewith discussions.

many objects that constanttyhange to determine in Finally, we instrumented theéWebDav Apache
which objects users have an interest (#4 of Figure 4). plug-in (mod_dav) to send notifications@ASSIUS
This prevents it frormeeding to sendhotifications whenever afile is checked in orout, locked or

for every change. Simpler applications nugcide to unlocked,created ordeleted. Creating, deleting and
sendout notificationsfor every event, letting the moving files and folders also causes equivalent
notification server dispose of those to which no one changes to bemade tothe object hierarchy on

has subscribed. CASSIUS. This lets users find files in therarchy
Notifications the same way theyind them in WebDav's file
The natification, whose kefields are illustrated in hierarchy.

Figure 5, focusesupon information needed for



Awareness Tool

For the third aspect ofimplementing the CASS
strategy (#6 of Figure 4), we built tHeASSandra
toolkit for creating awarenesdools. It provides
functionality for enabling users twee lists of
information sources, and to subscribe to both objects
within those information sources and evealfecting
those objects. Developerslink in their own user
interfacefor displaying notificationswherethe user
interface determines the awarenssge. This toolkit
was used to build a variety afvarenessools/styles
including a tickertape awareness tool.

6 Discussion

Software Development Effort

The above systems were built apraof of concept,
but the actual effort tobuild these systemand to
instrument existing systems to monitor their own
state wasnminimal. Instrumenting<nowledge Depot
andWebDav to sendotifications was a matter of a
couple of hours of work. Buildingand testing
CASSIUS took only acouple of weeksand the
parts of the CASSandmavarenessoolkit that polls
for new data andparses theserver responsesook
under an hour.

Naturally, the actual difficultywill vary with
both the nature of the informatiorsource’s data-
structuresandthe needs ofthe usersHowever, the
value of the information to usersand their
coworkers, and the value of receiving the information
in a style that best fitgachuser’'s workpractices
makes the benefits of thisdditional effort well
worth while.

The serviceitself proved to bevery simple to
use, being accessible with basmmmands available
in many scripting and compiled programming
languages (e.g. anknguagethat can sendHTTP
requests and parse textual responsescan use
CASSIUS).

Implementation and Validation
As discussedbove, wewereable to implement all
of the components of our CASS strategy, thus
demonstrating that owpproachs, to somedegree,
feasible. With this starting point, let us now
considerhow well the CASSstrategyaddresses our
goals of supportingnterchangeable awarenemls
and resolving the detail-variety trade-off.
Creating Interchangeable Awareness Tools
We addressed the problemmafiking awarenessools
interchangeable by providing a consistent

notification format thatcan be interpreted by any
well designed awarenessol, and by allowing the
awarenesstool to subscribe to anyaccessible
information source. While much of the proof of our
ability to achieve this goal hasbeen through
scenarios (Figure 3), weavealso demonstratedhat
such toolscan in fact bebuilt using the CASS
strategy.

Resolving the Detail-Variety Trade-off

We insured the availability of variety by providing a
set of services to enablany software to send
awareness information. We insured the availability of
detail by making it the responsibility of ttseftware

to understand its own data-structueesl toreport on
changes. It took us relatively littleeffort to
instrument our information sources, indicating that
this is areasonable approach tesolving thetrade-
off.

Facilitating Adoption
While the serviceswereeasy to providend to use,
the tasksaheadare farmore challenging. Waewill
need to 1) Build up a diverse information
environment, finding more systems suchvédsbDav
to instrumentandwork with. With this done, users
can maintain awareness of a diverseset of
information from their work environmengnd we
can studythe collaborativeeffect of providing the
environment. 2) Build up a local user community of
people who use thawarenesgools and who will
CASS-enable applications that they build. 3)
Attempt to gainwider adoption of our approach. 4)
Addressconcernsdescribed inthe remainder ofthis
paper.

Information Overload
Information overload is always a problem(Maes,
1994). We have tried to addressthis issue by
enabling users to control what information they
receive and choosing the tools torepresentthat
information. Tools that summarizand visualize
information sets for the user can reduce overload.
Tickertape applications also provide an
interesting techniqgue for avoiding information
overload forlow priority information. Unlike email,
where the model is for a person tgive some
attention to everything thaarrives in amailbox
(even if it isonly enough attention to give delete
command), a tickertape’attention demands are a
constant with respect to the quantity of notifications
a user has received. This is made possible byattie
that it is designed tchave users glance occasionally
at it, andobtain arandomselection of notifications.



There is nocassumption in this type of tool that a
userwill seeall notifications (which is whyhis is
appropriateonly for lower-priority information), and
as the quantity of notifications increase, the wegr
observe a lower percent of those notifications.

However, if thereare alarge number of high-
priority notifications that userbave configured to
receive either by email or by other tools thatless
able to handle information overload, the problem
will remain.

Efficiency
We discussed befor¢hat we were interested in
asynchronous collaboratiorand could ignore the
needs ofsynchronous tasks, whichvould have
requiredthe server beable to push information to
awarenessools as soon as the informatianrives.
Unfortunately, theborder betweensynchronous and

asynchronous is not solid, and there may be tasks we

will want to support in the future thaéquire greater
efficiency than polling the servean provide Future

versions of this work mapeed toaccount for that
possibility, perhaps by supporting both client
polling and server push.

7 Conclusions

The CASS strategy resolves thdetail-variety trade-
off andthe lack of interchangeability odwareness
tools. By removing these limitations @wareness
tools, wehaveenhancedhe ability for software to
supportawarenesgnvironmentswhere eacluser is
at thecenter ofhis or her own awarenessetwork.
We havealso provided animplementation ofthis
strategy,anddemonstrated ithrough theCASSIUS
notification server.

The implication of this work on HGlesearch are

that 1) HCI researchers can focus on developing new

awareness styles, without having to atwelop the
infrastructureandinformation sources tsupply the
tools with information,and 2)tools whichneed to
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